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1. Introduction 
The ribosomal 5 S RNA-protein complex has 
been the focus of investigations for -10 years because 
this complex is possibly situated in functionally active 
sites of ribosome and, as a relatively simple model 
system to study RNA-protein interactions (reviews 
[l-31). 
The topography of 5 S RNA-protein complex has 
been examined mostly by partial endonuclease cleav- 
age and chemical modification techniques [4-l 11, 
allowing the determination of the 5 S RNA sequences 
involved in the interaction with ribosomal proteins. 
In spite of a similarity in methods, the results obtained 
so far by different authors do not always agree. Some 
possible reasons for ambiguities, which became appar- 
ent in the Escherichia coli 5 S RNA-protein complex 
studies, have been discussed in detail [9]. 
Mild conditions for the preparation of 5 S RNA 
large fragments were similar to those in [ 151. Rena- 
tured (60°C, 10 min) 5 S RNA was digested with Ti 
ribonuclease (Sankyo, EC 3.1.4.8) in 50 mM Tris- 
HCl (pH 7.6) containing 20 mM MgC12, 200 mM 
NaCl, at 0°C for 1 h. A different set of fragments was 
obtained by digesting 5 S RNA, denatured (60°C, 
10 mM EDTA) before enzymatic reaction. 5 S RNA 
fragments were separated in 15% polyacrylamide gel 
[ 161, several individual bands were extracted [ 171 
and reprecipitated 3 times with ethanol. 5 S RNA 
fragments were identified by standard 2-dimensional 
cellulose-acetate-DEAE paper fingerprinting [ 141 
and/or, after end-labelling with [Y-~~P]ATP (1000 Ci/ 
mmol, Isotop, USSR) as in [ 171, by direct read-off gel 
sequencing [ 181 as in [19]. 
We employed a different approach using affinity 
chromatography of ribosomal proteins on the immo- 
bilized 5 S RNA and its large fragments. These experi- 
ments were complemented by nitrocellulose filtration 
measurements, giving, in some cases, the possibility 
for a quantitative interpretation of the contribution 
of various parts of 5 S RNA in their interaction with 
proteins. 
Individual ribosomal proteins L18 and L25 were 
isolated from TPSO by combination of affinity chro- 
matography on 5 S RNA-Sepharose gel [ 131 and sub- 
sequent fractionation on CM-cellulose column [20]. 
Three different polynucleotides - 5 S RNA, frag- 
ment Ur-G4i (the smaller fragment) and fragment 
C42--Ui2e (the larger fragment) were,immobilized to 
epoxy-activated Sepharose 2B as in [12,13,21]. The 
smaller fragment was dephosphorylated [22] before 
immobilization. 
2. Experimental 
50 S Ribosomal subunit proteins (TP50) and 5 S 
RNA were prepared from E. coli MRE600 [12,13]. 
32P-Labelled 5 S RNA was isolated from bacteria, 
grown in [32P]orthophosphoric acid containing low- 
phosphate medium [ 141. 
Reassociation of the fragments in the affinity col- 
umn was achieved by passing a free fragment, either 
UrG41 Or c42-“120, through the column with the 
immobilized larger or smaller fragment, respectively. 
Reassociation, performed at 20°C in 10 mM Tris- 
HCl buffer (pH 7.5), 115 mM KCl, 30 mM MgC12 was 
stoichiometric as judged by comparing the molar 
amounts of the immobilized fragment and the bound 
to the column free fragment. 
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the immobilized to Sepharose polynucleotides was 
carried out in 10 mM Tris-HCl buffer (pH 7.9, 
10 mM MgCl?, 300 mM KCl, 6 mM 2-mercaptoetha- 
no1 (BA), as in [13]. 
The values of K, for the interaction between 5 S 
RNA or its fragments with individual proteins L18 
and L2.5 in solution were estimated by nitrocellulose 
filtration technique, titrating a constant amount of 
32P-labelled RNA with increasing amounts of a pro- 
tein in 50 mM Tris-HCl (pH 7.8), 200 mM KCl, 
10 mM MgC12, 6 mM 2-mercaptoethanol (BF) in 
40 P-80 ~1. The samples were incubated for 30 min 
at 20°C and filtered through nitrocellulose filter 
(Chemapol, 0.3 urn pore size). Filters were washed 
with 100 ~1 BF and the amount of the complex was 
taken as radioactivity, retained to filters. The condi- 
tions were similar to [23]. Where possible, retention 
coefficients of various complexes to nitrocellulose 
filter were estimated as in [23] and, within a range of 
concentrations used, were found to be -0.8. K, of var- 
ious complexes were estimated from linear transfor- 
mation of their binding isotherms by plotting the con- 
centration of protein versus concentration of protein 
divided to the fraction of an RNA in the complex. 
One A 260 unit of 5 S RNA was taken as 1 nmol and 
the molar concentrations of the fragments were calcu- 
lated from the known specific activity of 5 S RNA. 
For proteins,A23e for 1 mg/ml was taken as 5 [24]. 
3. Results 
For the renatured 5 S RNA, a single break at G4r 
largely prevails, yielding two fragments, Ur-G4r and 
C42-U120 (fig.la). From a number of bands, obtained 
from the denatured 5 S RNA, several were extracted 
and used for further experiments (fig.lc). 
The ability of TP50 proteins to bind to the immo- 
bilized 5 S RNA, to the larger (C42-U120) and to the 
smaller (Ur-G4r) fragments was studied in 5 different 
combinations (table 1). Under the experimental con- 
ditions, in agreement with [ 13,25,26], the immobi- 
lized intact 5 S RNA forms a complex with 3 riboso- 
ma1 proteins: L5, L18 and L25. An identical result 
was obtained with the immobilized larger and smaller 
fragment, provided they were complemented with the 
free smaller or larger fragment, respectively (table 1). 
Hence, the integrity of the loop around nucleotide 41, 
depicted in most of the 5 S RNA secondary struc- 
ture models (for models [l-3]), is unimportant for a 
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Fig.1. Electrophoretic separation of a mild T, ribonuclease 
digest of E. coli 5 S RNA on 15% urea-polyacrylamide slab 
gel [ 161. Fragments, indicated at margins were extracted and 
used for further experiments: (a) renatured 5 S RNA digest; 
(b) 5 S RNA marker; (c) denatured 5 S RNA digest. 
stable complex formation between 5 S RNA and 
these proteins. The immobilized larger fragment alone 
formed a stable complex only with protein L25, 
whereas the smaller fragment did not bind proteins 
(table 1). 
Here, it would be premature to conclude, that the 
smaller fragment makes no contribution to the 5 S 
RNA-L25 interaction. We next compared the values 
of Kd of the interaction of individual protein L25 with 
intact 5 S RNA, the smaller and the larger fragment, 
and, in addition, fragments Cr2--Gr00, A++--G~s(Yxx) 
and U103-U120. It turned out that Kd for the intact 
Table 1 
The binding of E. coli 50 S ribosomal subunit proteins to the 






L.S L18 L25 
5 SRNA _ + + + 
D,-%I _ _ _ - 
LJ, 4, C,,-LJ,,, + + + 
c,,-%0 - - _ + 
c,*-D,,0 fJ,-C4, + + + 
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Fig.2. The interaction of ribosomal protein L25 with 5 S 
RNA and its various fragments, measured by nitrocellulose 
filtration technique. Conditions are those described in [23] 
and are specified in section 2: (-o-) 5 S RNA; (-•-) C,,- 
U 120; (-A-) u103-u120’ . (-A-) U,-G,,. [L25] is molar con- 
centration of protein L25 andfis the fraction of an RNA in 
the complex. 
5 S RNA and the larger fragment are almost identical: 
1.4 X IO6 M and 2.1 X 10m6 M. No interaction was 
found between L25 and Ur-G4r (fig.2). Thus, the 
nitrocelhdose filtration results agree well with affin- 
ity chromatography data, and, in addition, allow 
the conclusion that the smaller fragment of 5 S RNA 
is not involved in L2.5 binding. Neither did we detect 
any complex between UlosUlzo and L25 (fig.2). 
Two other fragments, CJ2-Grec and A+J-C~~(~~) 
both bind L25 with Kd - 5 X 10" M, which can be 
considered as very close to that found for the larger 
fragment. 
There is less to say about protein L18. This pro- 
tein did not bind to the immobilized 5 S RNA frag- 
ments (table 1). It seems, therefore, that its binding 
site is shared by both halves of 5 S RNA. We have 
been unsuccessful in measuring correct dissociation 
constants of the interaction between L18 and the 
fragments Cr-G4r and C4TU120. Not that the frag- 
ments failed to bind to the nitrocellulose filters in the 
presence of L18: they did, but the binding curve did 
not follow an isotherm, analogous to those in the case 
of L25. 
Like LI 8, protein L5 binds only to the immobi- 
lized intact 5 S RNA or to its reassociated halves 
(table 1). Again, its binding site is possibly distributed 
between these 2 fragments. 
4. Discussion 
The combination of 2 methods allowed us to con- 
clude that protein L25 not only interacts with the 
larger 5 S RNA fragment, but also that its binding is 
restricted to this fragment. Hence, the double helical 
stem between the 3’- and 5’-ends of the 5 S RNA 
(models [l-3]), proposed to interact with L25 [ 51, 
is certainly unimportant. An identical conclusion was 
drawn in [9]. Here, however, we also found that frag- 
ments C42-G1cc, and As+-G%(& interact with L25 
almost as strongly as 5 S RNA itself. This result con- 
tradicts the identification of sequence Alor--Grre as a 
primary L25 binding region, suggested in [8]. Quite 
the opposite, our quantitative data and the fact that 
no complex formation between L25 and Urea-Ur2e 
was observed suggests that the nucleotides adjacent to 
Gss have, if any, only a marginal effect in 5 S RNA- 
L25 interaction. 
The other relevant study places the L25 binding 
site on 5 S RNA within nucleotides 69-l 10 [9]. The 
present results allow to narrow the 3’-side of this 
sequence to nucleotide 96 or 98. 
Earlier, Zimmermann and Erdmann identified the 
L18 binding site on 5 S RNA within nucleotides 
58-100 [8]. This result has been disputed in [9] by 
showing that after covalent cuts between nucleotides 
42-58, the L18-5 S RNA complex possibly does not 
exist any longer. In addition, kethoxal modification 
of L18-5 S RNA complex clearly indicated the 
involvement of nucleotide Gz4 in this interaction 
[lo]. Our results support this interpretation, accord- 
ing to which certain structural elements of the smaller 
fragment are involved in L18 binding. An identical 
conclusion can be drawn also for protein L5, whose 
binding area was identified by others to lie between 
nucleotides 19-56 [8]. 
Acknowledgements 
We wish to thank Drs A. Lind, M. Saarma and 
M. Speek for many valuable suggestions. 
253 
Volume 136, number 2 FEBS LETTERS December 1981 
References 
[l] Monier, R. (1974) in: Ribosomes (Nomura, M. et al. 
eds) pp. 141-168, Cold Spring Harbor, New York. 
[2] Erdmann, V. A. (1976) Prog. Nucleic Acid Res. Mol. 
Biol. 18,45-90. 
[3] Lind, A., Villems, R. and Uuskiila, L. (1978) Adv. Mod. 
Biol. (USSR) 86,3-18. 
[4] Gray, P. N., Bellemare, G. and Monier, R. (1972) FEBS 
Lett. 24,156-160. 
[S] Gray, P. N., Bellemare, G., Monier, R., Garrett, R. A. 
and Stoffler, G. (1973) J. Mol. Biol. 77, 133-152. 
[6] Erdmann, V. A., Wrede, P. and Zimmermann, J. (1977) 
in: Translation of natural and synthetic polynucleotides 
(Legocki, A. B. ed) pp. 356-360, Poznan Agricultural 
University Publishers, Poznan. 
(71 Zimmermann, .I. and Erdmann, V. A. (1978) Nucleic 
Acids Res. 5,2267-2288. 
[8] Zimmermann, J. and Erdmann, V. A. (1978) Mol. Gen. 
Genet. 160,247--257. 
[9] Douthwaite, S., Garrett, R. A., Wagner, R. and Feunteun, 
J. (1979) Nucleic Acids Res. 6, 2453-2470. 
[lo] Garrett, R. A. and Noller, H. (1979) J. Mol. Biol. 132, 
637-648. 
[ 1 l] Willick, G. F., Nazar, R. N. and Van, N. T. (1980) Bio- 
chemistry 19,2738-2742. 
[ 121 Ustav, M., Villems, R., Saarma, M. and Lind, A. (1977) 
FEBS Lett. 83,353-356. 
[ 131 Metspalu, E., Ustav, M., Maimets, T. and Villems, R. 
(1982) Eur. J. Biochem. in press. 
[ 141 Brownlee, G. G. (1972) in: Determination of Sequences 
in RNA (Work, T. S. and Work, E. eds) Lab. Tech. Mol. 
Biol. vol. 3, pt I, Elsevier/North-Holland, Amsterdam, 
New York. 
[15] Jordan, B. R. and Monier, R. (1971) J. Mol. Biol. 59, 
219-222. 
[ 161 Maxam, A. M. and Gilbert, W. (1977) Proc. Natl. Acad. 
Sci. USA 74,560-564. 
[17] Donis-Keller, H., Maxam, A. M. and Gilbert, W. (1977) 
Nucleic Acids Res. 4, 2527-2538. 
[18] Simoncsits, A., Brownlee, G. G., Brown, R. S., Rubin, 
J. R. and Guilley, H. (1977) Nature 269,833-836. 
[ 191 Speek, M., Ustav, M., Lind, A. and Saarma, M. (1980) 
Bioorg. Khim. 6,1877-1880. 
[ 201 Wystup, G., Teraoka, T., Schulze, H., Hampl, H. and 
Nierhaus, K. H. (1979) Eur. J. Biochem. lOO,lOl-113. 
[21] Ustav, M., Remme, J., Lind, A. and Villems, R. (1979) 
Bioorg. Khim. 5,365-369. 
[22] Shinagawa, M. and Padmanabhan, R. (1979) Anal. Bio- 
them. 95,458-464. 
[23] Spierer, P., Bogdanov, A. A. and Zimmermann, R. A. 
(1978) Biochemistry 17,5394-5398. 
[24] Changchien, L.-M. and Graven, G. R. (1979) Biochemis- 
try 18,1275-1281. 
(251 Burrell, H. R. and Horowitz, J. (1977) Eur. J. Biochem. 
75,533-544. 
[26] Ustav, M., Lind, A., Saarma, M. and Villems, R. (1977) 
Bioorg. Khim. 3, 1699-1701. 
254 
